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Abstract: This paper presents a new rule-based method called the Routh Stability with Empirical
Correlation (RSEC) for tuning a PID controller under model or process mismatch. The RSEC method
employs a two-stage calibration procedure to accommodate the FOPDT modeling error in the PID
tuning. The RSEC calibration utilizes the deadtime to time constant ratio to adjust the dimensionless
tuning parameters subject to specified gain and phase margins. It results in empirical correlations
relating the dimensionless tuning parameters to the deadtime to time constant ratio. The second
calibration establishes correcting factor correlations for the modeling error. Servo and regulatory
simulations demonstrated that RSEC produces the smallest ITAE of 0.396 and o0.151 when tested in a
cascade process, outperforming the other established control tuning methods, including Skogestad IMC
(SIMC). Further application of the developed RSEC method to several examples of SISO and MIMO
processes shows the efficacy of the new tuning method compared to the Robust Response Time,
AMIGO, and SIMC.
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1. Introduction

Proportional Integral Derivative (PID) control has become the bread and butter in the process
industry since its inception many decades ago. About 80-90% of industrial controllers are PID-type [1],
for which about 80% are Proportional Integral (PI) or Proportional (P) while the remaining 20% are
full-PID controllers [2]. Despite the emergence of several advanced control techniques, such as the
Model Predictive Control (MPC), fixed structure PID-type controllers remain dominating industrial
control applications [3]. The reasons for the PID control’s widespread acceptance are attributable to
several factors: among the most well-known are its easy-to-understand concept, robust performance,
and well-established platform for controller implementation. Notwithstanding its acceptance, the
continuous challenge for the PID control implementation remains the controller tuning in the face of
various process dynamics, disturbance occurrences, and process/model mismatch. Note that the PID
controller tuning falls into the non-convex optimization class. Indeed, tuning software has become a
big business in the industrial automation sector [4].
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Although PID control is simple compared to more advanced techniques, finding good PID
controller tuning values is not often straightforward. For that reason, poor PID tuning has made itself
a popular culprit for many underperformed process plants. One should note that such poor PID tuning
in process plants is not due to the lack of PID tuning formulas and rules available to the designers. On
the contrary, researchers have developed numerous PI or PID tuning rules and formulas over decades
since the classical Ziegler-Nichols tuning procedure. For example, several well-known PID tuning
methods were compared and discussed in [5]. A vast collection of PI or PID controller tuning rules is
now available in a handbook [6]. Note that most PID tuning rules require process models where the
First-Order plus Deadtime (FOPDT) model is the most common ideal model. For open-loop stable
processes, the FOPDT model can adequately explain the behavior of many industrially-proven
techniques [7]. However, real processes often deviate markedly from the FOPDT model, which means
significant modeling error exists. The modeling error often leads to unpredictable performance of the
PI or PID controller designed using the FOPDT model when it is applied in real systems. In [8], the
authors highlighted this issue and tried to address the PID ideal tuning rule adjustment to
accommodate the process conditions.

The paper aims to introduce a new PID controller tuning technique, which combines the analytical
formulas obtained using the Routh stability conditions with a set of empirical equations. The empirical
equations are necessary to account for the modeling error in the PID controller tuning based on the
ideal FOPDT model. The salient feature of the new technique is to keep the PID controller robustness
in terms of gain and phase margins within the desired ranges despite modeling errors. Therefore, the
actual PID controller performance implemented in the process will not deviate significantly from the
anticipated performance based on the ideal FOPDT model. An advantage of the developed tuning
method is that it is deployable in the field environment where the control designer can perform the
required calculations manually without a sophisticated computational tool. Also, the tuning rules can
accept a crude FOPDT model identified via the visual identification of the process step data. A simple
visual identification rule is also suggested in this paper. In the present paper, the new tuning technique
is known as the RSEC, abbreviation for Routh Stability with Empirical Correlation.

The rest of the paper is structured as follows. Section 2 presents some preliminaries to provide brief
backgrounds to the proposed method. Section 3 outlines the methodology necessary to build the RSEC
tuning method and the modeling error assessment approach. Section 4 provides the results and
discussion of the developed RSEC method and some examples of its applications to SISO, Cascade, and
MIMO processes. Finally, Section 5 highlights the findings and potential future research directions
related to the proposed RSEC method.

2. Preliminaries

2.1 SISO feedback control

Figure 1 shows the standard feedback control block diagram of a single-input and single-output
(SISO) process where G, G,, G, and G, represent the feedback controller, actuator, process, and sensor
sub-systems, respectively. Meanwhile, R, E, C, U, D and Y represent setpoint, error, controller output,
manipulated variable (e.g., a flow rate), disturbance and controlled variable signals respectively.
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Figure 1. Block diagram of a SISO feedback control.
In Figure 1, the closed-loop setpoint transfer function:
G.(5)G,(5)G,(s
i) - GGy o
1+ G (5)Ga(8)Gp(s)Gs(s)
The characteristics equation from (1) serves as a pathway to develop the proposed RSEC tuning method.

It often desirable to develop a model for the lumped G,G,G; as one transfer function, as G,, = GG, G;
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for the controller tuning where G,, is obtainable using process data, by fitting it to the First-Order plus
Deadtime (FOPDT) model:
K e—GpS
P
= 2
Gpa () 7,5 + 1 @)
In the FOPDT, K, 7, and 6,, denote the process (steady-state) gain, time constant and deadtime,

respectively. In many processes, the FOPDT parameters might be sufficient for finding appropriate
tuning values via an existing PID tuning rule in the literature.

2.2 Proportional-Integral-Derivative (PID) controller

The ideal PID controller is as follows:

G.(s) =K, (1 + T,is + TDS) (3)

where K., 7, and 7, denote the controller gain, integral time, and derivative time constants,
respectively. To avoid the derivative kick issue, the ideal PID controller is often augmented with a filter
(i.e., PIDF controller):

1 1
G.(s) =K, (1 + o + ‘L'DS> (TfS n 1) (4)

where 7, is the filter time constant.

3. Methodology

Note that the developed empirical tuning correlations come from an extensive calibration and
comparison with three well-established PID tuning methods, viz. the Skogestad IMC (SIMC) [9]- [10],
AMIGO [u] and Robust Response Time (RRT). The MATLAB™ Control System Designer toolbox
provides all three tuning methods mentioned.

3.1 PID stability region

The first step is to establish the PID stability region based on the FOPDT model in (2). The details
for establishing PID control stability regions using the well-known Routh stability criteria are available
in [12]- [13] for unstable and integrating processes. In the present work, the objective is to develop the
PID stability region based on the FOPDT model of an open-loop stable (or self-regulating) process. The
procedure in the aforementioned papers is applied to obtain the PID stability region of a process that
can be approximated by the FOPDT model. To apply the Routh stability conditions in searching for the
PID stability region, it is essential to establish a generalized characteristics equation. The generalized
characteristics equation J is as follows [12]:

J(s) = (hy + K fp) s™ + (hpoy + K fu—1) s+ -+ (g + K fy) s+ (ho + K1 fp) = 0

an an-1 az ao

(5)

In (5), K, denotes the loop gain, h; and f; are coefficients which are functions of model and controller
parameters. For comparison, the classical characteristics equation is:

J(s) = aps™+ ap_1s" 1+t ags+ags® =0 (6)

The distinguishing feature of the generalized characteristics equation from the classical one is that the
former explicitly shows the loop gain term. Significantly, the loop gain represents the performance of
the closed-loop system under the given controller algorithm. Hence, the higher the loop gain, the higher
should be the achievable control performance and vice versa. For a PID controller applied to the given
process, the loop gain is K; = K K, assuming the actuator and sensor gains are unity or inclusive in the
K, term. Considering the FOPDT model, the closed-loop characteristics equation for the ideal PID
controller:
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J(s) = 0.50,7,(t, — K,7p) s% + 7,[7, + 0.50, + K, (7, — 0.56,)] 52
N “ ()
+ [t + K (1, - 056,)] s + K, = 0
a, ao

where the deadtime term, is approximated using the 1/1 Padé¢ formula: e %S =
(1-0.56,5)/(1+ 0.58,s). Here, the results of the Routh stability analysis for the ideal PID controller
leads to the following stability region:

1, T
K :_v<_v), € (0,1
c K, \7, £ (0,1)
0.560,1 1
Qg = = . #<——1), € (0,1 8
pid Tp Ta [0 59p+<2Tp+0-59p> 4 Ta (0 ) ( )
[7)
T, =1 <7p), 1; € (1,0)

Notice that the stabilizing region above provides a way to tune the PID controller based on the FOPDT
model by adjusting the three dimensionless parameters (r,, 13, 7;) instead of directly tuning the original
PID parameters (K, 7;,7p). The dimensionless tuning has an advantage over the conventional direct
PID tuning. This is because the dimensionless tuning parameters have values that have clear bounds
which is a conveniently practical index. Additionally, the dimensionless parameters can vary according
to the deadtime to time constant (DTC) ratio of the FOPDT model, allowing empirical correlations to
be established.

3.2 Modeling error assessment

This section outlines the approach to assess the FOPDT modeling error for developing the RSEC
tuning method later on. Most industrial processes of interest have more complex dynamics than the
FOPDT model can represent, e.g., the process can have several poles and zeros. On the contrary, the
FOPDT model only takes one pole without a zero. For that reason, there is often a significant dynamic
mismatch between the estimated FOPDT model and the actual process. The mismatch exists even if the
model fitness (curve fitting) is very high. The assessment of the model/plant mismatch using the time-
domain data is illustrated in Figure 2.
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Figure 2. Quantifying the model/process mismatch.

The suggestion is to use the times taken by the identified FOPDT model and step test responses
to reach 50% of the complete responses as a threshold point to estimate the modeling error. If the
FOPDT model 100% fits the process (step test data), then T, = T}, otherwise T, < T}, or T, > Ty,
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If T, < Ty, it suggests the overall process dynamics are markedly slower than the corresponding
FOPDT dynamics. It happens when the FOPDT model fails to capture the non-dominant modes having
faster dynamics (fast modes) relative to the slow dominant process modes: FOPDT time-related
parameters mainly capture the dynamics of the process modes with large time constants (slow modes).
Note that a process often consists of multiple modes which could be multi-scale in nature [14]. For T, >
T, it implies that the FOPDT model exhibits slower dynamics than the actual process. This can happen
when there are minimum-phase zeros in the actual process which the FOPDT model ignores.

Based on Figure 2, the additional information that might serve as a measure of modeling error is
the distance between the model and actual process responses located halfway to the output final steady-
state response. The proposed modeling error parameters are defined as follows:

Dynamic Distance: xp, =T, — T, (9)
x
Fractional Dynamic Distance: o, = T—D (10)
a
o
Model Error to DTC ratio: py, = —— (1)
$pr

where @ is the deadtime to time constant (DTC) ratio, calculated as @pr = 6,,/7,. Note that the

modeling error parameters in (10) and (11) are dimensionless.

3.3 Calibration of PID tuning formulas

The following analytical PID formulas are proposed based on the PID stability region obtained in
Section 3.1:

0.56,1,

1

(21, +0.56,) (E_ 1)
- (tr

KC N Kp <TD>

T, = 137, + 0.56,

Tp =14|0.56, +

(12)

where the dimensionless tuning parameters take the following bounds: 0 <71, <1,0 <7, <landrn; >
0. Notice that, the proposed formulas slightly modify the equation for calculating the integral time
constant but it still meets the stability requirement, i.e., 7, > 0.56, that is valid so long that r; > 0. The
analytical PID tuning formulas (12) transform the three original PID tuning parameters (K., t;, 7p) into
three dimensionless tuning parameters (1, 7;, ;). A designer can calibrate the dimensionless parameter
values against the DTC ratio. The present paper proposes two-step calibrations, as explained in the
following sub-sections.

3.3.1  Calibration based on ideal FOPDT model
The first calibration requires the FOPDT model as follows:

—6Ops

10s+1

2}
G (s) = where @pr = 1—’6 € [0.05,5.0] (13)

The first calibration objective is to construct empirical correlations for the dimensionless parameters as
functions of the DTC ratio (or ¢pr) for the desired ranges of gain margin (GM) and phase margin (PM).
The empirical correlation takes the form below:

14 = fa(@pr) for GM € (8.5dB,10.5dB),PM € (53°,67°) (14)

The target ranges of GM and PM are 8.5-10.5dB and 53-67° respectively.
The following general steps apply to the calibration procedure:
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Step 1: Fix the DTC ratio and select values for the three dimensionless tuning parameters so that the PID
controller attains the desired GM and PM ranges.

Step 2: While keeping the r;, and r; values in Step 1, refine the r, value so that the setpoint tracking
overshoot is between 1% and 5% (desired OS is 3%).

Step 3: Design three other PID controllers via the RRT, AMIGO, and SIMC methods.

Step 4: Compare the proposed PID controller's performance with those obtained via the RRT, AMIGO,
and SIMC methods.

Step 5: If the proposed PID controller outperforms all the other three PID controllers, accept the r,; value
for the given DTC ratio. Else, go back to Step 2 or Step 1 to re-adjust the 7, 7, and 7, values, then repeat

Steps 4-5.

The performance assessment is based on the Time Integral Absolute Error (ITAE) criterion. The DTC
ratio for the lag-dominant regime is ¢ < 0.9 and the deadtime-dominant is ¢pr = 0.9.

3.3.2  Modeling error correction factors

The process model structure for the second calibration:

e 3 (1,,5 + 1)™ (1,5 + 1)™2

(115 + D™ (1,8 + 1)"2(135 + 1)™s (15)

Gp(s) =

where 7; > 1, > 13,7, 2 0, 8, = 0, nj and m; are integers. Assume the FOPDT model can approximate
the process above, i.e., using the visual identification or other techniques available. The goal of the
second calibration is to develop correcting factor correlations as functions of xp, g, and p,,. The general
steps in Section 3.3.1 is adapted in this second calibration.

4. Results and discussion
4.1 Tuning correlations

For the first regime, two variants of the RSEC method are developed: RSEC1-vs1 and RSEC1i-vs2,
which correspond to without and with correction factor correlations, respectively. Only the RSEC2-vs1
variant is developed for the deadtime-dominant processes.

4.1.1 Case 1 (lag dominant): @ pr = 6,/7, < 0.9

Case 1.1: without correction factor (RSEC1-vs1)
The following tuning rules are established for the PID analytical formulas in (12):

1, = 0.25
= 0.8 (16)
g = bs@}r + by@hr + biopr + by

where b, = 0.8441, b; = —0.8928, b, = 0.6737 and b; = —0.2468. The tuning rules in (16) aim to attain
GM and PM in the ranges of 8.5-10.5dB and 53-67° with an overshoot (OS) below 5%. The given PID or
PIDF controller based (16) can outperform those designed via the RRT, AMIGO and SIMC when tested
for various DTC ratios.

Case 1.2: with correction factors (RSEC1-vs2)

To account for the FOPDT modeling error (non-ideal process condition), at least one empirical
correction factor correlation is necessary for modifying one of the dimensional tuning parameters (1,74
or 1; value) of the ideal tuning rules in (16). In this work, two empirical correction factors are developed
for the two dimensionless tuning parameters: 7, and r4 but no correction factor is required for r;, Here,
1; is fixed at 0.8 as in Case 1.1. The corrected dimensionless parameters (7, and r;) are expressed as
follows:
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7 = CrpTp
. (7)
rqg = CraTy
where the correction factor for 7, is,
1+p, for0<o, <045
Cfp = { (18)
1 foro, <0
and for r}:
1 foro, <0.15
Cfd = { (19)
1+ (byof + b303 + byo2 + b0y + by) Py

In (19), by = —3.3772, b; = 53.659, b, = —319.23, b; = 926.19 and b, = —907.95. This correlation
must be used within the given range, 0.15 < g, < 0.45. Additionally, it is also advisable to correct the
ideal FOPDT time constant 7, as follows:

T, + 2xp for 0 <o, <045
T = ; (20)

T, +xp foro, <0

where x;, denotes the dynamic distance between the model and the given process as in (9).

For the PID controller with filter in (4) or PIDF, the filter time constant 7, is taken to be 10% of
the derivative time 7, (i.e., 7y = 0.17p). This simple rule is recommended for all cases without or with
correction factors in both lag-dominant and deadtime dominant regimes.

For reducing a potentially large OS in the setpoint tracking, it is desirable to implement a setpoint
pre-filter designed as follows:

( 1
——— for —=3
(T—D) s+1 ™p
Fep(s) = { \¥PT 1 (21)
PprS T
ps+1 for Tp <3

The PIDF controller designed using the RSEC1-vs2 can outperform the PID controllers tuned using the
RRT, AMIGO and SIMC methods in various case studies.

412 Case 2 (deadtime-dominant): 0.9 < @pr < 5.0

Case 2.1: without correction factors (RSEC2-vsi1)
In the deadtime-dominant regime, the following correlations (RSEC2-vs1) are developed:

1, = 0.25
7, = —0.1756¢py + 0.8803 (22)
g = by + @pr + b3@dr + by@ir + bi@pr + by

where b, = 0.7518, b, = —0.4859, b, = 0.1722, b; = —0.0303 and b, = 0.0021.

The setpoint pre-filter as in (21) is still applicable in this regime to reduce the OS value following the
setpoint change. For g, between -o0.1 and o.1, the RSEC2-vs1 can be applied without incurring a
significant loss of the expected performance compared to the ideal FOPDT case. Also, it is noticed that
in this regime, o, is relatively small and insensitive to the fast dynamics often ignored by the
approximated FOPDT model.
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4.2 Illustrative examples
4.2.1 SISO example 1 - lag-dominant process

Consider a process given as follows:

1.6(0.7s + 1)e=%5
(755 +1)@Bs+1)(s+1)

Gyp(s) = (23)

There are two FOPDT models for the process in (25): one based on visual inspection and another via
MATLAB System Identification. The controller designed via the RSEC1-vs2 adopts the FOPDT based on
the visual identification, but controllers designed based on the RRT, AMIGO, and SIMC use the one
based on the System Identification. The servo and regulatory control performances (Table 1) indicate
that the PIDF controller designed via RSEC1-vs2 can outperform the controllers designed via the RRT,
AMIGO, and SIMC methods.

Table 1. The PIDF performances (ITAE x 1071) for the SISO example 1.

Method Servo Regulatory
RRT 18.27 107.0
AMIGO 33.55 124.2
SIMC 11.2 110.9
RSECi-vs2* 6.845 101.2
RSEC1-vsia® 10.15 83.89
RSECi1-vs1b®# 11.49 136.5

Susing Gg, $Susing Ggq sS*using G,

The performance test is based on a 1-unit step change in the setpoint or input disturbance.
Another observation is that the PIDF controller tuned using the RSEC1-vs1 and the visual inspection’s
FOPDT model exhibits a lower performance than the controller tuned using the RSEC1-vsz2. It is due to
the significant modeling error associated with the visual inspection’s FOPDT. Hence, the ideal tuning
rule (RSEC1-vs1) gives an overly conservative performance — GM is too high. However, the RSEC1-vs1
applies to the System Identification’s FOPDT model yields a PIDF controller that provides a comparable
performance with the controller obtained via the RSECi-vs2. Figure 3 shows the comparative closed-
loop responses of all the PIDF controllers. To reduce the OS, one can apply the setpoint pre-filter
designed via the formula in (21):

T
where — = 6.1, ppr = 0.599 (24)

Fp(s) = 3s+1 Tp

1.8 T T T T T T T T T

1.6

1.4¢

1.2

0.6

0.4 .‘ e RRT B

0.2 i i

0 20 40 60 80 100 120 140 160 180 200
Time

Figure 3. Setpoint tracking and regulatory responses for SISO example 1.
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The setpoint pre-filter reduces the OS from about 20% to 5%, well within the recommended
range of 13% or below as suggested in [u].

4.2.2 SISO example 2 - deadtime-dominant process

Consider a deadtime-dominant process:
e—lOs

Gs+122s + 1) (25)

Gy (s) =

Since the process is a deadtime-dominant, the RSEC2-vs1 is the preferred choice to tune the PIDF
controller. Table 2 displays the ITAE values of the PIDF controllers obtained using the RSEC2-vi,
AMIGO, SIMC, and RRT. The performance test is subject to a 1-unit step change in the setpoint or input
disturbance. The proposed PIDF controller (RSEC2-vs1) outperforms all other controllers tuned using
RRT, AMIGO, and SIMC methods. Figure 4 shows the comparative closed-loop responses for the
different PIDF controllers subject to a 1-unit step changes in the setpoint and disturbance.

Table 2. PIDF performances (ITAE x 1071) for the SISO example 2.
Method Servo Regulatory

RRT 79.52 106.9

AMIGO 48.16 96.54
SIMC 48.34 115.1

RSEC2-vs1 41.24 73.20

1.8 B

1.4- \ .

1.2r B

0.6F an .

0.4F /

0.2k 1 —————- AMIGO H

O 1 1 1 T T
0 50 100 150 200 250 300

Time

Figure 4. Servo and regulatory control responses for the SISO example 2.

The PIDF controller obtained using the RSEC2-vs1 exhibits about 1% OS, hence it is within the
acceptable range. Still, one can reduce the OS by applying a setpoint pre-filter designed via the rule in

(21):

1 Ty
F;p(S) = m where g = 325, Ppr = 1.45 (26)

The pre-filter reduces the OS from about 11% down to 3%. Another benefit of using the setpoint pre-
filter is the reduction in the peak control output, which can help reduce wear-and-tear in the actuator
system.
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4.2.3  Cascade processes

Consider the primary and secondary processes given by:

e
Gpi(s) = (16s+1)(7s+ 1)(3s + 1)2
e (27)
| 9 "Grne+D

Table 3 displays the normalized ITAE values of all cascade control systems for the servo and regulatory
control objectives. The cascade control system based on the RSECi-vs2 method exhibits the best
performance. Figure 5 displays the closed-loop responses of primary output corresponding to the
cascade control systems. The cascade control system based on the RSEC1-vs2 gives about 13% overshoot.
However, the peak control output is substantially large for the control system involved.

Table 3. PID controllers and performances (ITAE x 107?) for the cascade process.

Method Servo Regulatory
RRT 8.902 2.619
AMIGO 7.717 2.262
SIMC 6.623 3.178
RSECi-vs2 3.963 1.505
1 2 3 T T T T T T
1l :;-', Sl e I /\ ...:.'-mI|
-§'.
L ] i
0.8 5
£
>06F [f .
0.4- ,' RSEC1-vs2 |7
l ................ RRT
0.2 ———— AMIGO -
SIMC
0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Time

Figure 5. Setpoint tracking and regulatory responses of the cascaded PIDF controllers.

4.2.4  MIMO process
For a demonstration on the effectiveness of the proposed RSEC tuning technique, consider the
well-known 2x2 Wood and Berry (WB) distillation process [15]:

12.8e7° —18.9¢73¢
[16.75 +1 21s+1
G(s) = (28)
[ 6.6e77s —19.4¢73s
109s+1 144s + 1

For simplicity, it is suggested to adopt the Relative Gain Array (RGA) analysis to determine suitable
controller pairings. As a result, the RGA matrix is obtained:

2.0094 —1.0094
(29)

—1.0094 2.0094

Based on (29), the RGA matrix recommends direct controller pairings (i.e., u;~y; /u,~y,) to minimize
the impacts of process interactions on control performance. This means that the designer should use
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input 1 (u,) to control output 1 (y;) and so on. The independent multi-loop tuning approach in [16] is
the preferred choice for this example. According to the independent tuning approach, it is necessary to
establish Effective Open-Loop Transfer Functions (EOTFs) based on the transfer functions in (28).
Then, use the EOTFs to design desired controllers independently. However, the EOTF is often a high-
order system with multiple deadtime terms. Several methods are available to reduce the EOTF to a
simple low-order model. The present work proposes to use the same visual inspection rule for the SISO
case to approximate the EOTF to a FOPDT model. Alternatively, use MATLAB System Identification to
obtain simpler models; in this case, third-order models that give above 9o% fits.

The proposed RSECi1-vsz is preferable, as it can adjust the ideal tuning to the modeling error. Table
4 shows the multiloop PIDF controller performances (IAE values) corresponding to the RSECi-vs2,
AMIGO, SIMC, and RRT methods. Again, the RSEC1-vs2 gives the best control performance for the 2x2
WB process. Meanwhile, the SIMC's multi-loop PIDF controllers give acceptable performance based on
the IAE values.

Table 4. Multi-loop PIDF controller performances (IAE) for different methods.

Method Y, Y,
SIMC 5.350 20.42
RRT 22.01 50.19
AMIGO 11.04 24.63
RSEC1-vs2 5.821 16.32

However, the first-loop response is too oscillatory. Other methods (AMIGO and RRT) unable to
provide a practical performance - too sluggish. Note that the control performance depends on the model
used for tuning. It is possible to attain better controller performances using the RRT and AMIGO based
on different approximated models. However, this matter is beyond the current scope of research.

5. Conclusion

The new RSECi-vs2 tuning rules for PID or PIDF tuning apply to SISO, cascade, and multivariable
processes. The rules use a set of modeling error parameters which are easy to identified based on the
process step data. Also, the ideal RSECi-vs or RSEC2-vs1 is effective if the process/model mismatch is
low. The RSEC method is simple because it only requires a rough FOPDT model estimated using the
given step test data. There is no need for a sophisticated tool since the tuning rules only require simple
calculations based on the given empirical correlations. Possible future research directions are to develop
other variants to cope with integrating and unstable processes. Also, the existing method might be
adaptable to online PID tuning applications allowing for correction in the process/model mismatch.
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